Objective: To determine the main factors influencing the timing of alveolar bone grafting among cleft teams in the UK and Ireland, to assess the types of radiographs used to evaluate bone grafting sites pre-and postoperatively and the views of the profession on orthodontic expansion prior to grafting.
Introduction
Secondary alveolar bone grafting (ABG) of the maxillary cleft site prior to the eruption of the maxillary permanent canines is an established procedure. This stabilizes the maxilla, provides bony support for the erupting permanent dentition, improves alar base aesthetics, and facilitates orthodontic tooth movement. It is often done during the mixed dentition, and the aim is to provide support for the erupting permanent maxillary canine teeth into the original cleft site (Abyholm et al., 1981; Boyne and Sands, 1972; Devlin et al., 2007) .
In 2005 there was a national survey conducted in America among cleft teams analyzing their alveolar bone grafting protocols (Murthy and Lehman, 2005) . Their results highlighted inconsistencies in care in North America with regard to postoperative radiographs following ABG. There is no similar report on the existing protocols of cleft teams in the UK and Ireland with regard to alveolar bone grafting for cleft patients.
At present there are no published standardized UK guidelines of how to manage patients and their follow-up to assess treatment outcomes.
Following the CSAG review in 1998 (Sandy et al., 1998) , the number of cleft teams in the UK were reduced from 57 to 12 centralized units. There was strong evidence to suggest better outcomes in teams where surgeons had a high volume of cleft cases. Moreover, the concentration of patient numbers into fewer centers meant that statistically meaningful intra-and intercenter comparisons of treatment outcomes would allow for faster and more efficient feedback on improving treatment protocols, thus informing clinical guidelines. These centralized cleft centers have multidisciplinary teams with approved training programs for all cleft clinicians. The cleft centers carry out all primary surgical repairs and coordinate the ongoing care of their cleft patient cohort, often in combination with spoke units located in their geographical area.
Since the CSAG report, there have been better radiologic outcomes reported from units in the UK (Paterson et al., 2016; Revington et al., 2010) . In the CSAG report, only 58% of radiographs were scored as being successful grafts, in comparison to 85% in England (Revington et al., 2010) and 99% in Scotland (Paterson et al., 2016) .
The criteria used to assess the timing of the ABG include stage of dental development, the age of the patient, and the presence and position of the adjacent teeth, along with a general assessment for patient suitability for surgery. Secondary alveolar bone grafting is commonly carried out in the mixed dentition phase, usually between 8 and 11 years of age. This is characteristically when the permanent maxillary canine root is one-to two-thirds formed, but this decision may be expedited by the presence of a permanent maxillary lateral incisor in the cleft site.
The options for donor sites for harvesting of bone include the tibia (Drachter, 1914) , iliac crest (Boyne and Sands, 1972) , and cranial bone (Wolfe and Berkowitz 1983) .
Another topic of debate has been the decision on whether to expand the arch from prior bone grafting, as well as its impact on the length of patient's overall treatment.
Methods
The aim of this study was to identify any areas of potential controversy in ABG pathway protocols that merit further investigation.
A 24-question survey was compiled and, using an online survey tool, was emailed out to both surgeons and orthodontists, 53 in total, in all 12 Cleft Hub Units in the UK and Ireland. The questions were related to 1. timing of alveolar bone grafting in relation to dental development, 2. the types of radiographs used to evaluate grafting sites both pre-and postoperatively, and 3. the use of arch expansion preoperatively To analyze the results, a chi-square test was carried out to compare the opinions of the surgeons to orthodontists for the 7 questions asked, to get their views on timing of treatment and the need for orthodontic expansion prior to grafting.
Results
Fifty-one responses were received from 23 surgeons and 28 orthodontists. Out of which 39 were complete responses, 17 surgeons and 22 orthodontists, with at least one team member of every Hub or Spoke unit, contacted replying to the survey. The partial responses (n ¼ 12) were primarily responses started and not completed immediately.
Organization of Units
The majority of ABGs were being carried out in cleft centers, with only 2 respondents stating they were carried out at spoke centers.
With regard to the number of ABG procedures being performed per year, 1 unit is performing 0 to 10, 6 units are performing 10 to 20, 7 units are performing 20 to 30, and 9 units are performing more than 30 a year. The number of surgeons operating in units ranged from 1 to 4, with 39.1% of units having 1 surgeon, 56.5% of units having 2 surgeons, and 4.4% of units having 4 surgeons. When asked how often they audited their results, 52.4% (n ¼ 20) said they continually audit their results, 9.5% (n ¼ 4) use 6-monthly audits, and 38.1% (n ¼ 15) use annual audits.
Criteria used for Deciding the Time to Graft
To the question "what criteria are important in deciding on the timing of the ABG," respondents were allowed more than one answer. A significant majority (75%, n ¼ 29) were in favor of using "dental development," 18% (n ¼ 7) used a combination of both "dental development" and "chronological age," and 7% (n ¼ 3) selected other. The 2 responses for "other" were "dental development, progress with orthodontic treatment and access to graft site, oral hygiene" and "it is combination of both? but other factors come into play during clinical assessment."
Respondents were also asked whether or not the presence of an unerupted lateral incisor being adjacent to the cleft site was an indication of a need for earlier bone grafting; 68% (n ¼ 27) said yes and 32% (n ¼ 12) said no.
Radiographs Used Pre-and Postoperatively
To assess both the type and timing of radiographic imaging being used for graft site assessment we used a multiple select tick box list, to allow respondents to select more than 1 option. The results are shown in Table 1 comparing the preoperative and postoperative imaging.
The answers given for "other" by respondents were "upper oblique occlusal radiographs through the cleft site" and variations of this. The time at which the postoperative radiographs were taken varied, and this is detailed in Figure 1 .
The scoring system used to assess the radiographic outcomes are detailed in Figure 2 . The majority used the Kindelan (63%, n ¼ 24), then the Bergland (27%, n ¼ 10), and other responses included "look at eruption of the canine and if applicable the lateral incisor," "modified Bergland," and "modified Kindelan" (Bergland et al., 1986; Kindelan et al., 1997; Witherow et al., 2002) .
Treatment Protocols
Respondents were asked to select their preferred donor sites; these were listed as iliac crest, cranial bone, tibia, artificial bone, and other. There was a clear majority 92.9% (n ¼ 36) of respondents selecting iliac crest and 7.1% (n ¼ 3) selecting the tibia as their preferred donor site.
When asked, "Do you routinely carry out expansion preoperatively for unilateral CLP?" 35.8% (n ¼ 14) said yes. Those that answered no (n ¼ 25) specified the percentage of cases they expanded annually or answered with a comment, with the results shown in the chart below (Figure 3) . The comments received to this question were "none in the last 7 years," "if it is necessary to access cleft," "only if there is a crossbite," and "ask the orthodontist."
Clinical Scenarios
Four radiographs were selected 3 showing different stages of the root development of the maxillary permanent canine and 1 showing a lateral incisor about to erupt into a graft site and respondents were asked whether they thought the patient depicted was ready for ABG, too early or too late. The scenarios and their responses are presented in Figure 4 .
For scenario 1, where the canine root is one-third formed, there was no statistically significant difference between the opinions of surgeons or orthodontists (w 2 ¼ 3.618, P ¼ .164), the majority of respondents stated that it was "Too early" to graft, 75% (n ¼ 35). In scenario 2, where the canine root is twothirds formed, there was again a clear majority feeling that this case was ready for an alveolar bone graft, 72% (n ¼ 34). There was no statistically significant difference between the responses from the orthodontists and surgeons (w 2 ¼ 0.510, P ¼ .775). Scenario 3, where the canine root is fully formed, was very clear in showing agreement within the UK and Ireland cohort that the case was "too late" in the timing for an alveolar bone graft, with 97.4% (n ¼ 38) stating this. There was no statistically significant difference between the opinions of surgeons or orthodontists (w 2 ¼ 1.38, P ¼ .249). The results for scenario number 4 were more varied, this case had a lateral incisor ready to erupt into the graft site, 60% (n ¼ 24) said the case was ready for grafting, 35% (n ¼ 14) said it was too early. There was no statistically significant difference between the surgeons and orthodontists responses (w 2 ¼ 0.789, P ¼ .674). Finally the respondents were then asked whether or not they would carry out preoperative expansion in 3 different clinical scenarios. The first had a unilateral crossbite affecting the URE, UR4, and URC, and 44% (n ¼ 17) said yes and 56% (n ¼ 22) said no ( Figure 5) ; there was no statistical difference between the opinions of surgeons and orthodontists (w 2 ¼ 0.03, P ¼ .987). The second case had no crossbite but moderate crowding around the site of the graft, and 13% (n ¼ 5) said yes and 87% (n ¼ 34) said no ( Figure 5) ; there was no statistical difference between the opinions of surgeons and orthodontists (w 2 ¼ 0.30, P ¼ .862). The third case had a significant crossbite affecting the whole upper left quadrant with severe crowding, and 85% (n ¼ 33) said yes and 15% (n ¼ 6) said no ( Figure 5) ; there was no statistical difference between the opinions of surgeons and orthodontists (w 2 ¼ 0.628, P ¼ .428).
Discussion
Cleft care in relation to alveolar bone grafting in England and Scotland has improved since the centralization of services (Paterson et al., 2016; Revington et al., 2010) . This centralization has increased the uniformity in the treatment protocols for delivering care to cleft patients nationally, with the aim of improving overall treatment outcomes. The number of surgeons in each unit has remained low (between 1 and 4 surgeons, with 4 in one unit being the exception), with variation dependent on the population base the unit is serving and the number of procedures being carried out. The use of continuous auditing by 52.4% of respondents is favorable; the biannual auditing by 9% and the annual auditing by 36% shows a great demonstration of the profession's attitude toward monitoring clinical governance and maintaining high standards. When deciding on the timing of an ABG, the decision should ideally be based on a scale, for example, dental development and canine root formation. In line with this, the majority of units appear to be using dental development as their criterion to time the graft, presumably using chronological age as a guide to timing the pre-ABG assessment review (Bergland et al., 1986; Newlands, 2000) . The presence of an unerupted permanent maxillary lateral incisor adjacent to the grafting site has also been shown to be a significant factor in whether or not to graft earlier, with 68% respondents saying it would influence timing. Factors relating to the success of a graft have previously been cited as grafting prior to the eruption of the maxillary permanent canine, or the tooth distal to the cleft site, when patients are aged between 9 and 11 years (Bergland et al., 1986; Meyer and Mølsted, 2013) .
When a similar survey was carried out in USA by Murthy and Lehman (2005) , they discovered not all units were using postoperative radiographs to assess the success of the grafting procedure. In this survey, all units in the UK and Ireland are using some form of radiographic investigation, with majority of images being an occlusal radiograph taken 6 months postoperatively (81%).
As dental development has been highlighted as the main criteria to assess the timing of grafting, it is logical that the orthopantogram would be the preoperative radiograph of choice at 88.1%. However, second was the upper anterior occlusal (71.4%), which was the most popular image taken postoperatively (80%), allowing the assumption that it is taken prior to grafting to provide a comparative image as well as to assess the development and position of the canine adjacent to the cleft. The deficiencies of a 2-dimensional image to assess a 3-dimensional graft site success are well recognized, and ultimately the success of the operation will be measured by the eruption and health of the teeth erupting into the graft site. It is however possible, in a timely fashion, to evidence new bone formation in the area of the cleft, and occlusal radiographs are fairly universally available, making intercenter comparison studies possible.
The scoring system being used within the department will influence the radiographs being used. In line with these limitations, some units are using a cone-beam computed tomography scan to assess the cleft preoperatively. This may be beneficial in gaining a better volumetric assessment and thus may influence the donor site being selected (Forte et al., 2012) .
The donor site being selected is primarily the iliac crest, with only 7% of respondents selecting the tibia, again demonstrating good agreement among the profession. The morbidity from iliac crest grafting in these procedures has been demonstrated in the literature to be low (Vura et al., 2013) .
The four clinical scenarios highlighted only 1 area of debate within the professions. This was the influence of the eruption of the maxillary lateral incisor into the planned graft site, with 60% saying they would graft at this stage, 35% saying it was too early, and 5% saying it was too late. Current clinical practice suggests that the bone graft should be carried out when the permanent canine root is one-third to two-thirds formed (Abyholm et al., 1981; Amanat and Langdon, 1991; Bergland et al., 1986) . It seems that among some teams in the UK and Ireland the potential eruption of the lateral incisor influences earlier ABG repair. This underlines the need for further research on the incidence of missing laterals mesial to cleft sites and the influence of its presence or absence on the longterm success of the graft. There has been some research to show that the eruption of the lateral and its alignment allowed for easier orthodontic space closure (Lilja, 2009 ). This presumably is due to the functioning lateral incisor maintaining alveolar bone in the cleft site.
The decision on whether or not to expand the dental arch in unilateral cleft lip and palate cases is still under debate, with 33.9% of respondents saying yes they would and 11.4% saying no. The rest (54.8%) said they would not routinely expand but they would provide presurgical orthodontics if deemed clinically necessary, ranging from 6% to 70% of cases. This is reflected in the answers to the clinical scenarios on expansion. In case no. 2 with no crossbite but crowding and case 3, the significant crossbite, there was a majority agreement (no expansion for case 2, expansion for case 3). However, in the case with a mild crossbite mainly affecting the primary dentition with moderate crowding but sufficient access for grafting, there was an almost even split for (45%) and against (55%) providing expansion. This is interesting as the research in favor of expansion is based on retrospective data (McIntyre and Devlin, 2010) , suggesting the need for further research into the benefits and the impact on the patient in terms of the burden of care versus the long-term outcome.
As this survey was only sent to cleft providers in the UK and Ireland, it only demonstrates the opinions and practice of one cleft society in the world. Therefore, it would yield more significant results if it contained the opinions of multiple societies from around the world. The response rate was very good for completed responses (76.5%) compared to the study by Murthy and Lehman (2005) (46%); this can be attributed to the ease of using an electronic survey, which meant reminders were sent on a regular basis to those who had not responded. Because of the high response rate, completed 76.5% (n ¼ 39) and partial 25.5% (n ¼ 12), and therefore no nonresponders, we believe the results can give a generalizable opinion of how cleft providers in the UK and Ireland manage upper cleft lip and palate (UCLP) patients requiring an alveolar bone graft.
Conclusions
When considering the various clinical criteria to help inform the decisions around alveolar bone grafting, it appears that there is a reasonable consensus on the timing of the graft, which donor site to use, and which pre-/postoperative assessment radiographs to use among the majority of the providers of cleft care in the UK and Ireland. However, what has been highlighted are 2 specific areas of ambiguity. First, the influence of the development of the lateral incisor in the cleft site potentially expediting the timing of the graft, and second, the question over the need to expand prior to the bone graft procedure as demonstrated in case 1, with the mild crossbite ( Figure 5 ). These are both aspects of cleft care that may influence clinical decisions and more importantly clinical outcome and therefore merit further investigation.
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